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Preface

The earthquakes of December 7, 1988, near Spitak, Armenia SSR, serve as another 

grim reminder of the serious hazard that earthquakes pose throughout the world. We 

extend our heartfelt sympathies to the families of the earthquake victims and intend that 

our cooperative scientific endeavours will help reduce losses in future earthquakes. Only 

through a better understanding of earthquake hazards can earthquake losses be reduced 

for all peoples in seismically active regions of the world.

The tragic consequences of these earthquakes remind scientists and public officials 

alike of their urgent responsibilities to understand and mitigate the effects of earthquakes. 

On behalf of the U.S. Geological Survey, I would like to express appreciation to our Soviet 

colleagues for their kind invitation to participate in joint scientific and engineering studies. 

Without their cooperation and generous assistance, the conduct of these studies would not 

have been possible.

This report provides seismologic and geologic data collected during the time period 

December 21, 1988, through February 2, 1989. These data are presented in their entirety 

to expedite analysis of the data set for inferences regarding hazard mitigation actions, 

applicable not only in Armenia but other regions of the world exposed to high seismic risk.

Dallas L. Peck
Director, United States Geological Survey



FORWARD

This volume represents one of a five-part set, which present preliminary results and 

data for the seismologic and geologic investigations conducted following the earthquakes 

of December 7, 1988, near Spitak, Armenia SSR. The first volume of this set describes 

the field experiments, instrumentation, the data set, formats for data dissemination, and 

preliminary conclusions permitted by the data analyzed as of this writing. Volumes II, 

III, IV and V present the seismograms for the digital recordings of aftershocks obtained 

during the time periods indicated. Because of limited computer facilities and data format 

incompatibilities, the digital-event recordings are presented as analog seismograms. The 

seismograms are included to expedite analysis of the data for developing appropriate hazard 

mitigation measures for future potentially damaging earthquakes.

This data set is a testament to the generous cooperation and assistance provided by 

our colleagues in the Union of Soviet Socialist Republics. Without their contributions this 

data set would not have been possible. For their contributions, we express our most sincere 

appreciation.

Roger D. Borcherdt 
March 10, 1989

n



INTRODUCTION

This report provides seismograms corresponding to the digital recordings of the af 

tershock sequence of the earthquakes of December 7, 1988, near Spitak, Armenia SSR. 

This volume includes those seismograms recorded during the time period 30 December 

1988 through 2 January 1989 (UTC). Seismograms obtained during other time periods are 

included in companion volumes.

Three types of seismograms are included: those corresponding to the recordings of 

the three-component velocity transducers, those corresponding to some recordings of the 

three-component force-balance accelerometers, and those resulting from the integration of 

the accelerometer recordings. These three types of seismograms are presented successively 

in each volume. The seismograms in each set are arranged chronologically.

The seismograms corresponding to the accelerometer recordings have been included 

to provide on-scale recordings for those events for which the velocity transducer recordings 

exceeded full-scale amplitude (32,767 digital counts) of the analog-to-digital converter at 

the gain selected for the field recorders. Integrated versions of these recordings are pro 

vided to expedite comparison with other velocity recordings provided for the events. Any 

recognized uncertainties in station locations or event timing are summarized in the data 

description provided in Volume I.

SEISMOGRAM LISTING

During data playback and processing, seismograms are identified in the computer by 

a 13-character filename (constructed from the start-of-record time, uncorrected for clock 

drift, component, and station name): characters 1-3 = Julian day (001-366), characters 4- 

5 = hour (00-23), characters 6-7 = minute (00-59), character 8 = second code (A-T, where 

A = 0.000-2.999, B = 3.000-5.999,..., T = 57.000-59.999), character 9 = component code 

(1-3 for acceleration, 4-6 for velocity), character 10 = ".", and characters 11-13 = station 

name. The seismogram data set listings in Table 1 (velocity), Table 2 (acceleration), and 

Table 3 (integrated acceleration) are based on this filenaming scheme. In the tables, each 

line summarizes one event, which is generally identified by a computer algorithm that 

counts triggers in a sliding time window (22 seconds long, this report) and/or by direct



inspection of data plots. Events are specified in the left column by the filename time of the 

earliest recording (rather than the actual event origin time, which is generally unknown 

at early stages of data processing), and recordings are specified in the station columns by 

the filename second-code character. For example, an aftershock at Julian day 359, hour 

14, minute 14 was recorded at stations ART, KIR, MOO, NAB (with start-of-record time 

in second-bin Q = 48.000-50.999), and KET (with start-of-record time in second-bin R = 

51.000-53.999). This aftershock is identified in Table 1 as 3591414Q. Station locations are 

mapped in Figure 1.

SEISMOGRAM LABELS

Each three-component seismogram is identified by a representation of the filename 

(e.g., 3561633PV.GSS) which corresponds to the earthquake identification as described 

above. The seismograms as arranged, proceeding from the top of the plot, represent 

recordings of the vertical, and the two horizontal seismometer channels. Orientations 

of the horizontal seismometers were obtained by operators in the field at time of sensor 

installation with a Brunton compass. Such installations are usually accurate to within 4-5 

degrees. (Orientations have not been checked for consistency using polarization analyses.) 

Orientations for each seismogram are indicated by a two-number code (e.g., 090/164) with 

the numbers indicating direction of positive motion (up on plots) from up (e.g., 090) and 

clockwise from North (e.g., 164) measured in degrees.

Labels on the top of each plot identify the parameters used to plot and record the 

data. The parameters include: 1) start time of the record (year, Julian day, hour, minute, 

and second of the internal clock, and the clock correction in seconds), 2) duration of plot 

(seconds unless otherwise stated), 3) sampling rate (samples per second), 4) number of the 

event on the tape, 5) station latitude and longitude (degrees and minutes), 6) elevation 

(not used here), 7) GEOS unit number and tape number, 8) number of channels recorded 

and total number of samples recorded per channel, 9) orientation of positive direction for 

each sensor (degrees), 10) sample lag (seconds), 11) sensor serial number (not used here), 

12) sensor natural frequency (Hz), 13) sensor damping (fraction of critical), 14) sensor 

sensitivity (volts/ground motion unit), 15) gain (decibels), 16) low-cut filter parameters



(corner frequency (Hz) and number of poles, e.g., LI,.10 indicates single-pole low-cut 

filter with corner at 0.10 Hz), and 17) high-cut anti-aliasing filter parameters (e.g., H7,50 

indicates seven-pole Butterworth with corner at 50 Hz).

Labels for the ordinates of each trace include: 1) maximum ground motion value for 

time interval plotted, 2) direction of positive ground motion, 3) maximum digital counts for 

time histories. Tick marks on the ordinate scale are provided in powers of two; however, the 

time histories themselves are plotted on a linear scale defined by the indicated maximum 

ground-motion value. Absolute time (clock-drift corrected; in seconds) of the start of the 

plotted record is to the left of the lower time axis.

ACKNOWLEDGMENTS

The authors would like to acknowledge those that expended tremendous effort on the 

coordination, experiment execution, and acquisition of the data sets reported herein. In 

addition to our colleagues who participated on the initial U.S. Investigation Team and 

on Soviet teams, we would like to acknowledge the efforts of Chuck Mueller, Tom Noce, 

and Mary Andrews, who upon subsequent visits helped maintain the instrumentation 

after the departure of the original team on January 6, 1989. Gary Maxwell provided 

several computer programs necessary for processing the digital data. Howard Bundock 

contributed the digitized map data used in Figure 1. Chuck Mueller also provided the 

computer program used to create the seismogram listing, its description, and a review of 

this report.
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Figure 1. Location map for deployment sites of digital recorders (GEOS) used during 
the time period of December 21, 1988 through about March 1, 1989. Time periods for 
deployment at each site are given in the first volume of this report. Cities, roads, Armenia- 
Turkey international boundary, and three-letter station identification codes are indicated 
on the map.



Table 1 - Listing of seismograms derived from the digital recordings of the 
velocity transducers.
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Table 1 - (continued)

APP ART BYR DZH GIB GOG GSS KET KIR KI2 LEN MOO M02 NAB SCH SEV SPT SSS STE YSS

0 
M 0

A
R 
Q

R S
G 
D 
O 
L

J 
H 
G 
S

N 

I

J 
A 
D

A 
B 

P R

3661148K
3661159N
3661234M
3661238A
3661405R
3661429Q
3661432R
3661535G
3661546D
36615480
3661554L
3661555Q
36616160
3661625J
3661626H
3661633G
3661710R
3661713D
3661722M
3661728S
36617401
3661813J
3661910J
3661924A
3661931D
3661945R
3662033A
3662055B
3662144P
3662154J
3662218G
3662223T
3662233C
3662239K
3662258Q
3662302M
3662307K
3662343B
00100101
0010020T
0010024L
0010054J
0010058P
0010156T
0010158F
0010202S
0010204B
0010300F
0010421F
0010433R
0010444T
0010500S
0010514Q
0010619G
0010631K
0010635D
0010912J
0010917P
0010943G
0010948C
0011241H
0011301A
0011302D
0011320P
00113220
0011351M
0011439P
0011546D
0011647P
0011707B
0011728M
0011730N
0011802B

R
H

M

0

H
S
D
N
S

J
K
A
D
S

Q
J
G
T
C

J

0

p
D

C
M

K
N
N

R

S R
G G I

L L M
Q

G G H
R R T

M M 0

A

R

P

K

B
I J

L
J

T
G
T
C

S S A

G
K
D
J
P

G

D

C B D
N

H I
A
E E
p R

0 
M



Table 1 - (continued)

00118020
00118270
0011848L
0011903T
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0012043N
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0012151B
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00122330
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0021813L
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0 P

T 
F H

P
B D B D

G

T T
I I

Q

C C C 
H

F E 
0 M 
H 
H G

D D D 
L L L L

G 
S

K J 
H

N
C B 
G G

S



Table 2 - Listing of seismograms derived from the digital recordings of the 
accelerometers.

3651328Q 
3660407D 
3661535G 
3661554L 
3661633G 
0012259M

APP ART BYR DZH GIB GOG GSS KET KIR KI2 LEN MOO M02 NAB SCH SEV SPT SSS STE YSS

Table 3 - Listing of seismograms derived from integration and hi-pass filtering of the 
digital recordings of the accelerometers.

3651328Q 
3660407D 
3661535G 
3661554L 
3661633G 
0012259M

APP ART BYR DZH GIB GOG GSS KET KIR KI2 LEN MOO M02
Q Q Q

G D D

NAB SCH SEV SPT SSS STE YSS
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